We argue that orientable open string theory without GSO projection has N=2 space- 
Introduction
One of the crucial observations in the development of superstring theory has been the discovery of the so-called GSO projection [1] for realizing the space-time supersymmetry.
The GSO projection plays dual roles in superstring theory: It eliminates tachyons and simultaneously makes the number of space-time bosonic and fermionic physical excitations equal at each mass level. In the most recent developments of string theory associated with various string dualities and D-branes, the space-time supersymmetry and GSO projection are playing indispensable roles. For example, the BPS property of D-branes is a direct consequence of the GSO projection.
On the other hand, from the early days of string theory, the condensation of tachyon in the theories without GSO projection has been among several fundamental dynamical questions which have long been resisting our exploration. Recently, interests on the tachyon condensation [2] have been revived in connection with the topological characterization of D-branes based on the K-theoretical interpretation [3] [4] of D-brane systems.
The systems of unstable D-branes are realized as various open string theories with mixed (namely, combined ordinary and opposite) GSO projections or without the projection at all. Undoubtedly, formulating the dynamics of such systems must be among future cornerstones for the development of non-perturbative string/M theory towards the ultimate unified theory.
A simple and fundamental example among systems without supersymmetry is unstable D9-branes [4] in type II theory. This system, in a low energy approximation, may be approximated by 10 dimensional Yang-Mills theory coupled with tachyon and with vectorlike Majorana fermions. If the stable D-branes are to be realized as topological excitations with BPS property resulting from the condensation of tachyon, the system should have a hidden supersymmetry, perhaps as a nonlinear realization, in a spontaneously broken phase. This is a basic assumption behind recent descriptions of unstable D-brane systems using tachyons. For example, approaches to world-volume actions [5] for unstable Dbranes and the condensation of tachyon [6] have been proposed along this line. However, no concrete evidence justifying this assumption from the viewpoint of the dynamics of open strings has been given. The purpose of the present work is to fill this gap by providing some positive arguments in support of this conjecture. Since any possible models for the dynamics of such systems already contain the string length parameter ℓ s = √ α ′ as the inverse tachyon mass, any local-field theory approximation cannot be regarded as a systematic way of dealing with the problem except for discussing certain long-distance behaviors. In general, we have to take into account all mass levels from the outset.
After presenting some elementary arguments for spontaneously broken symmetries of string theory in next two sections, we investigate in section 4 the case of space-time supersymmetry first in the NSR formalism. Then we argue that the same results are obtained in the Green-Schwarz formalism as well. In section 5, we proceed to investigate the formal supersymmetry transformation law in the framework of Witten's open superstring field theory. We conclude in section 6 by making some remarks. We will also briefly discuss how the linear supersymmery could be recovered in certain nonperturbative vacua.
Evidence for spontaneously broken space-time supersymmetry
Let us start from collecting some pieces of qualitative evidence for the existence of spacetime supersymmetry without the GSO projection in order to motivate our discussions in later sections. Since, without the projection, the number of physical particle degrees of freedom are not equal between fermions and bosons at fixed mass level, we naturally expect that the tachyonic vacuum must break supersymmetry spontaneously even if supersymmetry is actually a symmetry of the theory. Is there any evidence for this? First of all, there must exist Goldstone fermions. Since the Ramond sector indeed contains massless fermions as ground state, this is possible. Let us first briefly study the coupling of tachyon with massless fermions to get some flavor on how such an interpretation should look like.
Without the GSO projection, the massless fermions appear as a pair of opposite chiralities. Let them be ψ ± (γ 11 ψ ± = ±ψ ± ), and tachyon be T . Then the field equation for fermions are of the form
where we have suppressed the coupling with the massless gauge fields. The natural can-didate for the supercurrent is
Note that we have taken into account the conservation of G-parity in Neveu-SchwarzRamond open string theory in writing down these expressions, and a, b are constants to be determined. g is the coupling constant of open strings. The usual string coupling of closed strings g s is proportional to the square of g. The first term which is linear in the massless fermions is the signature of Goldstone fermions and of the nonlinear realization of supersymmetry. Taking the divergence of the would-be supercurrent leads to
Now using the tachyon equation of motion
together with the fermion equation of motion, we find that the choice a = α ′ = −b leads to the conservation of the supercurrent up to the order O(T 2 )
By requiring that the fermion equation is consistent with the conservation of supercurrent to the next order O(g 2 T 2 ), we find that the order O(g 2 T 2 ψ) term in the fermion equation and the current are
respectively, where c is an undetermined constant. Of course, we have to include the gauge fields and all the higher excitations to achieve a really consistent construction.
However, this argument serves as a guide on what we should expect. For example, the result (2.6) suggests that the condensation of tachyon such that g 2 cT 2 = 1/α ′ recovers the linear supersymmetry by eliminating the inhomogeneous term (and hence also the original kinetic terms of them in the action) in the supercurrent.
The existence of spontaneously broken supersymmetry when all massive levels are taken into account is suggested by the following observation, which, to the author's knowledge, has never been mentioned in the literature although it is implicitly contained in a familiar formula. For a wide class of local field theory models with supersymmetry, it is well known that the tree-level mass levels after the spontaneous breakdown of supersymmetry satisfy the trace formula [7] for the mass square operator M 2 ((−1) F = 1 or−1 for bosons and fermions, respectively)
where the trace Tr(·) is taken over all physical one-particle states. This of course reduces to tr((−1) F ) = 0, the trace "tr" now being taken at each fixed mass level, if the supersymmetry is realized linearly without spontaneous breaking.
Let us check whether similar relations among different mass levels are valid in open string theory with tachyon. In string theory containing states of infinitely large masses, it is natural to define regularized traces corresponding to this quantity by
In open NSR string theory, we have
where q = e −τ /2α ′ and N N S , N R are the level operators for the NS sector and R sector, respectively.
Note that there is no GSO projection in taking trace in (2.10) and we have suppressed the transverse spatial indices for the creation-annihilation operators. Since the GSO projected pieces in this trace cancel between the NS and R sector owing to the well-known Jacobi's 'abstrusa' identity, it is sufficient to retain only the contribution from the oppositely projected pieces. We then have
The + sign in front of the second term in this expression indicates the opposite GSO projection. Because of this, a negative power term q −1 is not canceled, corresponding to the existence of tachyon in NS sector. To study the short time behavior τ → 0, we perform Jacobi transformation q = e −πσ → q = e −π/σ (σ = τ /2πα ′ ) using theta function identities, and obtain
The asymptotic behavior in the short time limit σ → 0 is
If the ordinary GSO projection were used, we would instead have 16 − 16, 256 − 256, and so on, in this expression. As is well known [8] , the "16 + 16"-contribution corresponds to the massless NS-NS + R-R fields in the closed-string channel. If we sum over the GSO projected and oppositely projected parts, only the states in the NS-NS sector remain,
showing that there is no R-R charges exchanged in the s-channel.
Now the above formula clearly shows that 
Nonlinear symmetries in string theory
Before proceeding to further discussions on spontaneously broken supersymmetry, let us here recall how the nonlinear symmetry transformations and associated spontaneous symmetry breaking can be realized in string theory in its general world-sheet formulation.
In the present paper, for brevity of terminology, we call any symmetry transformation with inhomogeneous term 'nonlinear' symmetry. The ordinary gauge transformation and also the general coordinate transformation are typical examples for this phenomena.
One of the characteristic features of space-time symmetries exhibited in physical scattering amplitudes of string theory is that they are always associated with the corresponding currents on the world sheet. Take as an instructive example the gauge transformation of an open string state for which the massless vector state just plays the role of gauge field.
In the world-sheet picture, this corresponds to the existence of the following world-sheet 
where
∂ 0 x is the canonical momentum on the world sheet (our unit is α ′ = 1/2).
Note that the violation of charge conservation is proportional to the vertex operator for the massless vector state. † If some of the directions obey the Dirichlet condition, the violation of charge conservation only comes from Neumann directions. On the other hand, the charge itself is given as
Namely, the charge generates the phase gauge transformation of the string wave function
The equation (3.2) shows that we have to make a shift of the on-shell external gauge field (∂ 2 A µ = 0, ∂ µ A µ = 0) corresponding to the massless vector excitations 5) in order to compensate the violation of the conservation law at the string boundaries.
This trivial example tells us that in string theory in general we cannot exclude the violation of symmetry occurring at the string boundary, provided that the violation is proportional to physical vertex operators and hence is compensated by the insertion of the vertex operators. Actually, to include the symmetry associated with the closed-string states, this must be further generalized to the situation [10] where the current is not conserved even locally on the world sheet, but the violation is proportional to vertex operators of closed strings. The general coordinate symmetry and gauge transformation corresponding to the antisymmetric NS-NS tensor belong to this latter class. The currents corresponding to them are
and
respectively, where u µ , v ν are arbitrary on-shell divergenceless-and-massless vector fields.
Their divergences, by the world-sheet equation of motion, are
Note that in the covariant operator language, the violation of charge conservation is measured by the commutator with the Virasoro (or BRST) operators. To the present author's knowledge, the derivation of nonlinear gauge and space-time symmetries in string theory from this point of view was first discussed in ref. [9] .
Since the divergences are proportional to the on-shell gauge transformation
of the graviton and NS-NS antisymmetric tensor and hence are compensated by the on-shell gauge transformation of these fields, the above currents give the symmetry of string theory. Indeed the charges are nothing but the generator of general coordinate (in the sense of target space-time) and string-shape dependent phase transformations
, respectively. We also remark that in the case of open strings the current corresponding to general coordinate transformation has no extra violation at Neumann boundaries, while the conservation of the NS-NS antisymmetric tensor-gauge charge is violated at Neumann boundaries. It is a common knowledge that the latter violation is compensated by the shift of the vector gauge field δA µ = πu µ which couples at the boundary. This is the origin of a now familiar relationship between Dirac-Born-Infeld action and the non-commutative Yang-Mills theory [11] .
The reason why we come to this seemingly self-evident digression is that these examples contain the case of the symmetries which are spontaneously broken in the ordinary perturbative vacua. Take the first example for definiteness. If we consider the gauge function λ(x) = c µ x µ which is linear in the coordinate, the gauge transformation of the gauge field is nothing but the constant shift of the field 
Nonlinear supersymmetry in NSR and GS open theories
We now study the space-time supersymmetry in light of the above observations. Our goal is to show that the massless fermion states of open string theory can be regarded as the Goldstone fermions associated with the spontaneously broken supersymmetry in the tachyonic vacua.
The NSR formalism
In the NSR formalism, the charge corresponding to space-time supersymmetry is the integral of fermion emission vertex at zero-momentum. Using the standard result of [12] , it is
where we are using the −1/2 picture and α of the world-sheet spin operator S α is the 32 components SO(10) space-time spinor index. The scalar field φ(z) corresponds to the standard bosonized representation of the superghosts (γ, β) = (e φ η, e −φ ∂ξ). In the openstring notation, the components of the world-sheet current s a (τ, σ) corresponding to the
Here we have formally shifted to the convention of the world-sheet Minkowski metric for comparison with the convention of the previous section. However, in considering the OPE on the world-sheet, we always assume the Euclidean convention.
The usual argument [12] for the GSO projection comes from the multi-valuedness of the spin operator. Namely, the operator product expansion with the world-sheet Neveu-
In closed-string theory, this forces us to project out the states with odd G-parity in the NS sector, and simultaneously the half of states classified by the generalized chirality operator in the R-sector as required by the operator product (4.5), in order to ensure the integrability of the fermion-emission vertex operators on the Riemann surface. As is well known, after including the ghost contributions, the G-parity and the generalized chirality operators which we call 'fermionic G-parity', are given, in terms of the oscillators, by
In open string theory, however, the projection is not completely 
by choosing a particular Riemann sheet. Then, the charge is not in general conserved, but the current is conserved locally on the world sheet and possible violation of charge conservation comes only from the open-string boundaries.
The right hand side does not vanish in general since the operator S α e −φ can be doublevalued. In that case, The violation of supercharge conservation, being compensated by the condensation of constant massless fermion states, can be interpreted in the same way as in the case of the spontaneous breaking of the gauge symmetry corresponding to the constant shift of the vector gauge fields. Thus, the supersymmetry is broken spontaneously. In terms of oscillator modes, the supersymmetry transformation mixes all mass levels and cannot in general be truncated into multiplets of finite dimensions. The reason is that the natural moding of the supercurrent density for double valued states are half-integer expansion.
But the supercharge is still defined by the integral (4.8) with no half-integer exponential factor. If we try to represent the symmetry transformation in terms of massless excitations by eliminating all the massive levels, the symmetry transformation is literally nonlinearly realized.
We also note that at zero-momentum there is no Dirac equation for the wave functions which are contracted with the spinor index of the supercurrent. Hence, the number of degrees for the constant shift of the massless fermion fields is doubled, comparing with the on-shell physical states obtained as the zero-momentum limit of the massless fermions with non-zero momentum: 8 + 8 → 16 + 16. The corresponding Goldstone fermions are just the vector-like massless fermion with both chiralities. In conclusion, there exists a nonlinearly realized N = 2 (IIA-type) space-time supersymmetry in 10 space-time dimensions.
The GS formalism
We next study how the above situation is described in the Green-Schwarz formalism, since it is usually more suitable for realizing the space-time supersymmetry. In order to do this, it is useful to first reconsider the partition function which we have discussed in section 2. Jacobi's identity leads to the following identity for the partition function of the oppositely projected states. Let us discuss more details. Unfortunately, in the GS formalism, the quantization is only practicable in the light-cone gauge . Because of this, the following discussion is somewhat limited, but it provides reasonable evidence that the same results as in the NSR formalism are valid in the GS formalism. For some aspects, the latter is more transparent in treating the NS and R sectors on equal footing.
Let us briefly recapitulate the ordinary formulation of the light-cone GS string [13] [15].
We will mostly follow the convention of [15] . The light-cone gauge action is
Here space-time vector index i runs only over the transverse directions, and S denotes two Majorana-Weyl space-time spinors as fermion fields on the world sheet satisfying the light-cone gauge condition,
The two-component index n of S αn with respect to world-sheet, being acted upon by the two-dimensional Dirac matrices (ρ 0 , ρ 1 ), is behaving as a two-dimensional spinor because of the gauge fixing of the local κ symmetry of the covariant action [14] and hence S = Sγ 0 ρ 0 . The (space-time) supersymmetry transformation is
In the transformation of the spinor S, X − does not appear and ∂ 0 X 0 = 2p + , due to the light-cone gauge conditions. The world-sheet supercurrents corresponding to this transformation is
Note that the currents do not satisfy the light-cone condition (4.12).
We have to impose the boundary condition that identifies the two (world-sheet) components of the field S in order to ensure the world-sheet energy-momentum conservation at the boundary. The usual condition which keeps the space-time supersymmetry manifestly is
Thus the number of independent components of spinor coordinates are 8 which belongs to the irreducible spinor representation 8 s of SO (8) and are represented by a single periodic holomorphic spinor coordinate field S A (τ − σ) = S A (τ − σ + 2π) defined as The independent world-sheet supercharges corresponding to the above supersymmetry transformation are then
is the usual transverse orbital momentum operator with mode expan- . The world-sheet supercurrents are correspondingly decomposed into We now consider what happens if the boundary condition is replaced by another possibility, instead of (4.16),
In this case, the spinor coordinates defined again by (4.17) are anti-periodic S A (τ, σ+2π) = −S A (τ, σ) . The mass square operator is The conservation of supercharges is violated at the open-string boundary σ = π for the opposite boundary condition.
The right hand side of these equations, however, coincide with the zero-momentum limit of the fermion emission vertices of GS open string theory, just the same phenomena as in the NSR formalism. Note that the world-sheet conformal dimension of these vertex operator are not equal to one. This is allowed in light-cone gauge, since we have already chosen a preferred conformal frame. In the covariant notation, the vertex operators at zero-momentum appearing in the right-hand side would be p µ (z)γ 
We have used the same symbol ψ i for the vector operator as the Neveu-Schwarz coordinates in the NSR formalism, since they can indeed be identified. Conversely, the spin operator in the light-cone gauge NSR formalism can be identified with the spinor coordinate of the GS formalism. Note that both of the spinor coordinate and the vector operator have conformal dimension 1/2. It is convenient to introduce also the spinor coordinates SȦ in the 8 c representation by
where the number of minus sign is now odd. Then by choosing the appropriate linear basis for the components of the spinor coordinates such that S A are self-conjugate, analogously as that for the vector operator (4.29), the singular parts of the OPEs are given as These OPEs show that the vector operator ψ i indeed changes the boundary condition of the spinor coordinates between periodic and anti-periodic. It should also be noted that with the insertion of the vector operator the spinor coordinate S A effectively behave as SȦ which has the opposite chirality and hence directly couples with the independent component u A− of the massless fermion state of odd fermionic G-parity.
We can now write down the vertex operators which describe the emission of the odd G-parity states from opens GS strings, to be inserted at the string end points. 
The spinor coordinate SȦ is antisymmetric if and only if it acts either on the fermionic states of even G-parity (namely, the usual GS string) or on the bosonic states of odd G-parity, as exhibited in the OPEs. These properties are identical with the results in the NSR formalism. Thus we can interpret the 32-components supercharges (Q A , QȦ,QȦ,Q A ) of the extended GS formalism as the light-cone version of the N = 2 (IIA) supercharge Q α of the covariant NSR formalism.
Supersymmetry transformation law for string fields
The foregoing arguments provide a strong support for the existence of nonlinear N = 2 space-time symmetry in open superstring theory without the GSO projection. However, it is based on the standard world-sheet picture which is only first quantized. As an attempt toward a non-perturbative formulation, let us now turn to the discussion of space-time supersymmetry in the framework of string field theory. Although string-field theories are problematic with respect to the question whether they really provide a well-defined theory for nonperturbative physics in general, we can at least formally check that the mechanism found in the world-sheet picture leads to the correct behaviors for general multi-body states.
A natural starting point in this direction is Witten's open string field theory [16] [17].
The action for the string field A = (a, ψ) where a and ψ are string fields for NS and R sector, respectively, can be expressed, using the original notation of ref. [17] , as as demonstrated explicitly using the oscillator representations in several works [18] . The gauge transformation is defined to be
Note that the gauge parameter fields Λ = (λ, χ) have ghost number (−3/2, −1). Following
Witten, it is convenient to introduce the following symbolic notation, is a potential problem in these formal arguments. Namely, the mid-point insertion of picture changing operator causes a problem in proving the gauge invariance to order g 2 , since the product of X at the same world-sheet position is singular. For the moment, we neglect this problem and try to extend the construction to include the string fields with opposite GSO projection.
Let us denote the string field with the ordinary GSO projection by (a + , ψ + ) and those with the opposite projection by (a − , ψ − ), respectively. The above discussion shows an immediate difficulty in including the fields with odd G-parity. Namely, they obviously have opposite relative gradings compared with the ordinary GSO projection. Thus the requirement that the string fields must be of odd grading is no more satisfied, if the vacuum for both case is common and hence is of the same (even) grading. In particular,
we cannot express the kinetic term for the odd G-parity fields in Witten form. Remember however that the kinetic terms of the standard scalar product form a|Q B |a exist for both gradings, assuming appropriate reality condition. To express the action in Witten form, we are forced to assume that the Fock vacuum on which we construct the odd G-parity string fields in terms of oscillators have the opposite grading compared with the ordinary projection with even G parity. Since the string fields with different G-parity can be regarded as being independent of each other, this can be done consistently if we take into account the conservation of G-parity, by introducing a G-parity coordinates ̺ which is even and satisfies ̺ 2 = 1. The integration rule is G 1 = 1, G ̺ = 0. We assign ̺ to odd G-parity string fields, such that only even number of odd G-parity fields can appear in the action. Grading of the string fields is always odd, irrespectively of G-parity in this convention. Also we can consistently set the Fock vacuum obtained from the product of two odd G-parity vacua is even. Of course, the product of one odd and one even vacua is odd.
We denote the extended integration operation using the same original notation × G → We can now proceed to investigate the space-time supersymmetry. The natural candidate for the supersymmetry generator is the zero-momentum fermion vertex operator (4.1). Witten's ansatz which has correct ghost number and grading is
To show the invariance of the action under this transformation, we need that Q α satisfies
These are sufficient for proving the invariance of the cubic interaction term. They are indeed satisfied, as explicitly checked in the oscillator representation in ref. [19] for the case of ordinary GSO projected formalism. In our case with the oppositely projected sectors, we have to take into account the G-parity coordinate ̺ to ensure the correct grading and G-parity properties in establishing (5.8) and (5.9). The super parameter ǫ α , which of course is of odd grading, should also be decomposed as ǫ α = ǫ α + + ̺ǫ α − where ǫ α ± are the 10 dimensional Weyl spinors with positive and negative fermionic G-parity, respectively. Since, apart from the grading, only essential requirement for the validity of these relations is that the supercharge is an integral along the strings of the current operator which is not too singular with respect to the midpoint insertions. Since the latter property of the world-sheet supercurrent, being ensured by the conformal dimensions of the operators, is not affected by the opposite projection, we can conclude that they are satisfied with the existence of both projections as equally well as in the case of the ordinary projection. Thus the cubic terms alone have linear space-time supersymmetry.
To show the supersymmetry of the quadratic kinetic term, it is necessary to use the fact that the supercharge is BRST invariant in addition to the above properties. It is at this point where a crucial difference of our case from the theory with the ordinary projection arises. The commutation relation of the fermion emission vertex and the BRST operator is a total derivative, 
This is just the manifestation of the same phenomena which we have been discussing in previous sections on the basis of the first quantized world-sheet picture. In terms of string field theory, the insertion of fermion emission vertices must equivalently be described by an appropriate shift of the string field.
The variation of the quadratic term under the linear super transformation is
The right-hand side is nonvanishing if and only if the NS string field a is in the odd G-parity sector and hence the fermionic G-parity of the R field ψ is opposite to that of the parameter of supersymmetry transformation. The result is of course identical with world-sheet approach. Here we have used the fact that the picture changing operators satisfy XY (π/2) = 1 and commutative with both BRST operator and the supercharge.
The commutativity of the picture changing operator with the supercharge is valid even if the fermion emission vertex is double-valued since it commutes with the ghost variable
This violation of BRST invariance is canceled if we shift the fermionic string field as
where Q L (and Q R ) is the 'half' BRST operator which is defined by integrating over the left (right) half of the open string Q B = Q R + Q L . Also we have introduced the 'identity' string field I as introduced in [20] , which is characterized by
and has ghost number −1/2, due to the midpoint insertion. Note that the string field Q L I is odd with the G-parity assignment ̺ or |1 G . Some other useful properties of these operators are
Using these relations we derive
This shows that the total action (5.1) is invariant under the nonlinear supersymmetry transformation obtained by combining (5.7) and δ shif t ψ,
We recognize that the first term in (5.22) can actually be absorbed into the second term by making the following field redefinition,
which simultaneously eliminates the quadratic terms from the action. This property is a direct consequence of the fact that the string field action can be derived from the action with only the purely cubic interaction terms [20] by making the field redefinition 
Discussions

Problems of contact terms
As we have already mentioned during the discussions of string-field theory approach, there is the subtle question of possible contact terms [23] beyond 3-point interactions. This is basically due to singularities caused by the midpoint insertion of picture changing operators. For a recent discussion on this problem, see ref. [24] and references therein. If the higher contact terms are really inescapable, the formal transformation law given in section 5 might also be subject to corrections which are at least quadratic in string fields.
The investigation along this direction is beyond the scope of the present paper. Our arguments using the ordinary world-sheet approach already provided reasonable evidence that there exists the N = 2 space-time supersymmetry. The problem of contact terms might
be an indication that we should seek for other more tractable approach to formulate the nonperturbative physics of string theory than the traditional string-field theory approach.
Chan-Paton factor
It is straightforward to include the Chan-Paton factor. Let us only mention the case of string field theory. For unstable N D9-branes of type IIA theory, the GSO projection is not done at all and hence we simply extend all the string fields to be hermitian N × N matrices which transform in the adjoint representation of U(N) group, a → a +,ij + ̺a −,ij , ψ → ψ +,ij + ̺ψ −,ij .
The star multiplication of the string fields is supplemented by the matrix multiplication and the integration by the trace operation.
In type IIB theory, we consider the systems with equal number of D9 and anti-D9 branes to cancel the tadpole anomaly coming from the RR 10 form potential. For strings which connect D9-branes only within the D9-branes or only within the anti D9-branes, the ordinary GSO projection is assumed, while for strings which connect D9 and anti-D9 branes the opposite GSO projection is assumed. Therefore, the inclusion of Chan-Paton factor is represented by the matrix string fields of the following form, which transform as the adjoint representation of U(N)×U(N) group, a → a +,ij ̺ a −,ik ̺ a † −,ℓjã +,ℓk , ψ → ψ +,ij ̺ ψ −,ik ̺ ψ † −,ℓjψ +,ℓk .
Condensation of tachyon
An important future problem is to investigate the tachyon condensation in light of our arguments. There is already a discussion by Sen [6] to investigate how to represent this situation in a low-energy field-theory approximation.
Work along this direction is in progress and will be reported in a forthcoming paper [26] .
Finally, one of the fundamental problems related to the subject of the present work is to establish connections with the ordinary closed-string approach of type II string theory. That would not only lead to a new unexpected connection among different field theories in the low-energy limit, but also provide an important clue towards the dynamical formulation of M-theory.
